Introduction
Most patients requiring prosthetic facial rehabilitation have undergone tumor ablative surgery for head and neck cancers. Multidisciplinary therapeutic techniques are commonly used in the care of patients with advanced disease of the head and neck, involving a team effort between the head and neck surgeon, maxillofacial prosthodontist, and reconstructive surgeon to optimize the patient's quality of life. Planning and preparation for rehabilitation should be coordinated by the responsible specialists before the surgical procedure. Miscommunication or lack of communication between the surgeon and the prosthodontist can cause post-treatment complications associated with the rehabilitation of patients with head and neck disease [1, 2] . Maxillofacial prosthodontics is the branch of dentistry providing the prosthetic rehabilitation of intraoral and extraoral structures that have been affected by disease, injury, surgery, or congenital malformation [3] . Patients should be referred to the maxillofacial prosthodontist as early as possible in their treatment workup to evaluate the facial and oral status and discuss the treatment options of prosthetic rehabilitation. The primary surgeon can then integrate the results of this evaluation into the overall treatment plan.
Cancer of the head and neck region can profoundly affect patients' quality of life, as they are constantly reminded of their affliction. These cancers are emotionally debilitating to patients and their families [4] [5] [6] [7] . Correction of such defects goes far beyond aesthetic considerations. Lesions involving facial structures can necessitate prosthetic rehabilitation. Prostheses can be made from a variety of materials, such as polymethyl methacrylate or urethane-backed, medical-grade silicone. These prostheses are retained with adhesives, tissue undercuts, or in some cases extraoral osseointegrated implants [8] [9] [10] . Facial and intraoral prostheses can be connected with magnets. The aesthetic result depends on the amount of tissue removed, type of reconstruction, morbidity of multimodality adjunctive treatment, and the physical characteristics of the tissue base available to support and retain the prosthesis [1] [2] [3] 8] . Facial prosthetics has expanded over time as improvement in surgical techniques and materials developed [8] .
Reconstructive and microvascular surgery remains the treatment of choice for many cancer and trauma patients, although there will always be a need for extraoral maxillofacial prostheses, in which manmade materials substitute for missing biologic structures [11, 12] . Prosthetic replacement of missing facial tissues has several advantages over surgical reconstruction. The process is relatively inexpensive, allows for periodic evaluation and cleaning of the surgical site, and is an alternative to surgery in unsuitable candidates. The fabrication process is relatively short, and unlike the surgeon, the maxillofacial clinician has complete control of the color, shape, and position of the prosthesis. Disadvantages include possible irritation of the tissue site, the need for periodic remakes, and reliance on adhesives or some other form of retention. Furthermore, the patient may view the prosthesis as a mask and not a part of his or her body. It is reported that 12% of patients who receive ear, nose, eye, and cheek prostheses using silicone materials never wear them [13] , and there are numerous reports of dissatisfaction with the aesthetics, color stability, function, or longevity of prostheses [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
This review presents current concepts regarding facial prosthetic rehabilitation of patients with head and neck cancer and facial prosthetic biomaterials.
General surgical guidelines enhancing prosthetic rehabilitation
General surgical guidelines, described here, can apply to most areas of the body, particularly the head and neck region. These guidelines should be considered on patients who will eventually undergo prosthetic rehabilitation. The success or failure of an extraoral prosthesis is dependent upon the platform onto which a prosthesis will be placed.
The first concern in oncology is local control of the cancer. The tumor should be resected and the margins clear without concern for aesthetically sensitive areas. Once the tumor has been adequately resected, attention should be directed to preparing the defect site for optimal prosthetic rehabilitation. Small areas of tissue that are not supported by bone or cartilage should be removed. This will provide a smooth border and will enhance margins of the prosthesis to blend with the surrounding skin. Loose tags are difficult to capture with an impression, in a passive position, and have no value in the final rehabilitation.
To facilitate prosthetic placement, a negative space (concavity) is desirable. If a defect site is to be filled with a soft tissue flap, such as the orbit or midface, limiting the bulk of the flap is most important. Atrophy of the soft tissue will occur over time, yet the extent is difficult to predict. If sufficient atrophy does not occur, an additional surgical procedure may be necessary to debulk the original reconstruction. In contrast, placement of bone is more critical because it cannot be debulked. Bone can provide future anchorage for extraoral implants. The use of a surgical template or having the prosthodontist present at the time of surgery can be of great assistance.
If bone has been exposed at the periphery of the defect or in the surgical site, the edges should be rounded. Thin bones are difficult to smooth and round; therefore, these projections may need to be reduced. Sharp edges can potentially erode through soft tissue or skin grafts and fracture, resulting in an infection. Such sharp edges are also uncomfortable for patients when they are inserting or removing a prosthesis. These irritated areas normally heal without sequelae yet can be problematic in an irradiated field.
In areas where bone is exposed or raw edges exist, covering these regions with a split-thickness skin graft has several advantages. It serves as an excellent base for adhesives. Lack of a glandular component makes the surface drier and less likely to form crusts. It is also useful in covering the respiratory mucosa to decrease local secretions. The skin graft is more resistant to abrasive forces when a patient inserts or removes a prosthesis. Smaller sites may only require primary closure without the need for a skin graft. The split-thickness skin graft allows the defect margins and adjacent skin areas to be less movable, compressible, and stable during facial movements and is a good adheophilic base due to absence of hair and glands [29] .
Nasal region
Resection of lesions involving the nose may require either a partial or total nasal restoration. A reconstructive procedure should be planned with the future restoration in mind. All unsupported tissue and alar tags that are usually out of anatomic location should be resected [9] . The nasal bone should be left intact if possible as it can provide the retention and blending of the prosthesis with the surrounding skin. Any sharp edges should be rounded to prevent exposure at a later time, which potentially could add to patient discomfort.
The nasal bone helps provide vertical support for the prosthesis, as well as for eyeglasses that may be worn ( Fig. 1a  and b ). Minimizing the load on the prosthesis increases retentive time the patient can enjoy and prevents frequent replacement of adhesives. The cartilaginous septum should be reduced in an anterior-posterior dimension and should be more of a concavity than a convexity. The space gained will allow a subframework to be placed for additional retention or guidance. In addition, it will move mucosa back into the cavity to prevent drainage or moisture accumulation on or near the prosthesis.
Maintaining the anterior nasal spine is important in the final position of the upper lip [30] . Every effort should be made to keep the upper lip in an appropriate position and not cause the lip to migrate superiorly. The length of the nasal prosthesis can be shortened in some instances to maintain an anatomic ratio to minimize the shorter upper lip.
Auricular region
As with the nose, surgeries of the ear can vary from subtotal resections to a total auriculectomy. From a prosthetic standpoint, it is easier to replace the complete ear. With a total replacement, there is complete freedom of shape, size, and location. The recipient area should be flat or concave. Convexities from excessive tissue bulk can hamper aesthetic results [1] . Skin devoid of hair provides a good adhesive base, yet a split-thickness skin graft is better ( Fig. 2a and b) . Tissue pockets assist in the orientation and stability of the prosthesis and allow the margins to extend in a zero degree emergence profile.
If tissue can be spared, the tragus should be the first choice. It is a good landmark that is not easily displaced and allows the anterior margin of the prosthesis to be hidden behind the posterior flexure. Hair and the angle of the helical rim provide posterior margin concealment. The inferior half of the soft tissue pinnae is of little or no use. Due to lack of cartilaginous support, the lobe of the auricle is normally drawn inferior and away from the head. It is difficult to capture with an impression in a passive manner and hampers bilateral symmetry. Such margins are difficult to maintain and can be a problem when the patient attempts to insert or place the prosthesis.
The superior half of the auricle has better cartilaginous support, yet tends to distort post-surgically. This distortion is further accentuated when the residual auricle is rotated and used to close the defect. Leaving a portion of the root of the helix preserves a good landmark and provides a base for short-term use of eyeglasses. This may help later in vertical support of the prosthesis.
Loss of the middle third of the pinna is seen occasionally. This defect is easy to restore, yet retention can be a problem. The location and size of the defect require the use of a prosthesis with multiple infoldings and grooves that make proper placement difficult for the patient. 
Orbital region
The most difficult and complicated head and neck defect to restore is that of an orbital exenteration. The ablative surgeon can greatly assist in the rehabilitation process by doing several things. First, from a prosthetic standpoint, the inferior margin must have good contour and not sag due to the weight of a prosthesis [2, 3] . If the inferior bony cavity is left intact, this can lead to a good prosthetic result. If missing, soft tissue (cutaneous) or osseous tissue should be used to reconstruct this region for a proper platform for prosthetic support (Fig. 3a and b) . When the defect extends beyond the orbital region, movable tissue is encountered. Attempts should be made to avoid occluding the orbit completely with bulky flaps that severely hamper the aesthetic placement of the ocular portion of the prosthesis and other components.
It is preferable to line the bony cavity with a splitthickness skin graft. This will provide ample space for a prosthesis and a good adhesive base and will make it easier for the patient to clean. Orbital frameworks or soft silicones placed in the orbital cavity will engage soft tissue and bony undercuts to augment retention and lessen the reliance on adhesives. The external bony margins of the orbital defect, prior to surgical closure, should be smoothed to decrease discomfort and prevent future bone exposure.
At the superior aspect of the orbit, care should be taken not to disturb the position of the eyebrow. A lower position (actively pulling the skin inward at closure or scar contracture) will result in a prosthesis that must overlay the hair. This hair can be shaved, yet provides a poor base for the adhesive. A superior position of the eyebrow makes it difficult to create a more normalized appearance and gives an 'inquisitive' expression. Surgical correction may be necessary. Soft tissue should not be allowed to sag into the cavity. This is typically displaced outward and creates asymmetric skin folds. Patient discomfort will result if these tissues are displaced inward.
Osseointegrated dental implants
Dental implants have become an excellent adjunct in facial prosthetic rehabilitation [8, 10, [31] [32] [33] [34] [35] . Implants can vastly improve the retention and stability of a facial prosthesis. The surgeon and maxillofacial prosthodontist should participate in a presurgical planning session to determine the number, type, and positioning of implants in the defect. Three or four implants are required for most midface defects whereas one or two implants are used for most auricular prostheses [8, 36] . Suitable recipient sites for midface implants are the zygomatic buttress, the supraorbital rim, the horizontal part of the hard palate, and the vomer [37] . A free tissue transfer flap composed of bone, muscle, associated soft tissue, and skin can be removed from a donor site and, through microvascular surgery, can be used to restore supporting tissues resected during cancer ablative surgery of the head and neck [37, 38] . Microvascular techniques can also be used to create or improve sites for implant placement.
The principle of osseointegration of pure titanium with surrounding bone expanded the scope of biotechnology in prosthetic dentistry [36, 39] . Implant designs fall into three main categories: endosseous, subperiosteal, and transosteal. The most common implants used today are endosseous implants in various lengths and widths that are surgically inserted and integrate with the surrounding bone [31] . Endosseous implants provide the support, retention, and stability needed in compromised oral cavities following tumor ablative procedures [31] . Meticulous surgical and prosthetic planning is required prior to the placement of implants [8, 9, 31] . Several types of implants are currently used for intraoral and extraoral maxillofacial uses [8, 10, 40] . Most implants used in maxillofacial prosthetics are made of titanium and are cylindrically designed using threads that anchor them in the bone. Such implants are produced in a variety of lengths and widths. In most of these implant systems, placement involves a two-stage procedure. The first stage, performed with the patient under local or general anesthesia, is the placement of the implant into the bony recipient site [8, 31] . Placement is performed in a very precise fashion to ensure the least amount of damage to the adjacent bone and soft tissue, particularly in irradiated tissues. Following placement, the implant is covered primarily by the initial tissue flap and allowed to integrate with the bone for 12 or more weeks. The purpose is to promote perimplant integration with the implant interface, as described previously. Confirmed osseointegration, by radiographic and clinical interpretation, implies a direct and lasting connection between vital bone and the titanium implant of defined surface topography and geometry [8, 31, 39] . In the second stage, only the superior portion of the implant is uncovered and an abutment, usually made of titanium alloy, is placed onto the implant [1] . This connection will join the implant to the prosthesis. The number of implants and type of retention as well as prosthetic designing are at the discretion of the restoring prosthodontist. In general, the prosthesis is fabricated so that it can be easily removed by the patient and allows maintenance and proper hygiene.
Patients with facial defects may present with complex deformities that require management by a combination of both autogenous and osseointegration techniques [8] . Such patients may have both bony and soft tissue deficits that must be addressed in conjunction with the osseointegration procedure [8, 41, 42] . The methods of constructing a facial prosthesis that is retained by extraoral osseointegrated implants is well described in terms of general principles [8, 9, [43] [44] [45] and more specifically for the ear [8, 9, [45] [46] [47] , orbit [8, 9, [48] [49] [50] , and nose [8, 9, 51] . Opportunity exists to change the perceived value of prosthetics by employing advanced technology in facial prosthesis design and construction [41] . Very few studies have been completed since 2003 describing facial prosthetic rehabilitation with conventional or implant technology. The future potential of facial prosthetics as a modality of head and neck reconstruction depends on technologic advances and evidence-based research. The increasing rate of development of microvascular reconstruction and other autogenous surgical techniques over the past two decades has significantly impacted the multidisciplinary care of the facial patient [41] .
Materials
A successful facial prosthesis depends on several factors: durability, biocompatibility, flexibility, weight, color, hygiene, thermal conductivity, ease of use, texture, and availability [9, 10] . No facial material has all of these ideal properties although several materials are available that possess most of these properties with increased tear resistance and tensile strength and significant durability [9, 10] . The currently available facial prosthetic materials can be divided into methacrylate or acrylic resins, polyurethane elastomers, and silicone elastomers. The Dow Corning Medical Products Division (Midland, Michigan, USA) was established in 1962 and a great variety of silicone products have been developed in the ensuing years. Different types of silicones may be selected, dependent on the properties desired [52] . In general, the goals of a facial prosthetic material should include processing characteristics, mechanical properties, and patient factors.
Most silicone-based facial prostheses today are relatively color stable and can be colorized very easily. Many skin adhesives are compatible with silicones, adhere well under moist conditions, and are simple to use. These adhesives may be irritating to the skin and require special removers, however. Water-based adhesives are milder to the skin but are not moisture resistant and do not adhere as long as silicone-based adhesives [52] [53] [54] [55] . The interior of a surgical defect can be used to mechanically retain the prosthesis. As the defect becomes larger, for instance, approaching the medial canthal region of the eyes, or involves intraoral components, surface adhesion becomes limited and mechanical augmentation becomes more important [9] . By using interlocking pieces (a combination prosthesis), many tissue surfaces in the surgical site can be used. Acrylic resins are normally used for prosthetic eyes in ocular or orbital prostheses and for structural frameworks, subprostheses, or as a liner in a cavity to augment retention and orientation.
After an impression has been obtained and a master stone cast made, sculpting of the ablated anatomic structure is started and made to complement the area, or in some instances, match the opposite structure. The sculpting material is usually clay or wax and is placed onto the surgical defect to appropriately contour the future prosthesis and adapt its margins. Following the sculpting, stone or metal molds are made to capture the negative and positive surfaces of the future prosthesis. A silicone material is injected into the molds following appropriate coloration and addition of a catalyst [56] . When the material has set, it is removed, trimmed, and tried onto the patient. Modifications are made, if necessary, along with extrinsic coloration. Prosthetic placement and removal instructions are given and the patient is followed closely for a short period and then placed on a scheduled recall.
Evidence-based facial prosthetic biomaterials
There exists a significant and important opportunity to deliver an enhanced service in facial prosthetics through technology implementation: three-dimensional data acquisition, three-dimensional modeling, and computerized color formulation. Evidence-based studies pertaining to the value of facial prosthetics will have to be addressed to better understand the economic, functional, and psychological burden of having a facial ablative procedure involving the orofacial, ocular, auricular, and nasal tissues. Additionally, well-structured and randomized studies are necessary to evaluate the next generation of facial biomaterials [57] [58] [59] [60] [61] [62] .
Silicone rubber materials have been used for more than 40 years in fabricating facial prostheses, with few improvements [12] . Meanwhile, industrial polymers and elastomers have constantly been refined. There is a clear need for new or improved facial prosthetic materials in all clinical situations. Clinical placement of facial prosthetic materials often requires modifications after an extended healing period following surgery or radiation therapy. In such situations, a totally new prosthesis may be required every 3, 6, or 9 months for up to 2 years, taking up to five visits for completion each time when using thermosetting, and thus unmodifiable, silicone rubber [9, 10] . Other disadvantages of silicone elastomer include low tear and edge strength, relatively low elongation, potential to support bacterial or fungal growth, problem of color retention and color stability, and high cost [10] .
Extension of maxillofacial prosthetic service to developing countries or underserved populations is severely limited by the high cost of materials such as silicone rubber. Legal impediments to some products have been affected by the recent breast implant controversy. Court judgments in the 1980s and early 1990s held some manufacturers of raw materials liable for failures of biomedical devices that were attributable to the compounders, fabricators, clinicians, or surgeons. Public Law 105-230, the Biomaterials Access Assurance Act, enacted on 13 August 1998, limits the liability of basic materials manufacturers except in cases of gross negligence. This assurance has been slowly reopening the field to new products.
In 1973, the National Institute for Dental Research held a conference on the state of the art of maxillofacial prosthetic materials. From that conference, a request for proposals was issued to which Gulf South Research Institute in New Orleans responded, proposing research to examine a variety of industrial rubber materials. A grant was funded from 1976-1979 for which an early version of the presently used new facial prosthetic materials made of low-cost thermoplastic chlorinated polyethylene (CPE) was formulated and tested. This project was refunded from 1983-1987, when the formula was refined and a small clinical trial was carried out at Charity Hospital of New Orleans (Louisiana State University), the equivalent of today's phase II clinical trial [57] [58] [59] [60] [61] [62] .
Chlorinated polyethylene may have advantages over conventional silicone rubber materials in its ability to be repaired, relined, or reconditioned, extending the life of the prosthesis. It is possible to key a new anatomic cast to the prosthesis, registering the tissue changes the patient has undergone, and to reprocess in one short visit to correct small changes in anatomy, without a total remake. In addition, it could be used with any adhesive type. It has greater edge strength, does not support fungus growth, and is much lower in cost compared with silicone materials.
Currently, a randomized, single-crossover, double-blinded phase III clinical trial funded by the National Institutes of Health/National Institute of Dental and Craniofacial Research at two cancer centers in the United States and Canada has been initiated to evaluate CPE (experimental) and silicone (control: Silastic Adhesive A/MDX4-4210 [Dow Corning Co., Midland, Michigan, USA]) materials for noninferiority of CPE compared with silicone elastomer [57] . Only a carefully constructed clinical comparison of conventional silicone rubber and the experimental CPE will reveal the substantial as well as the subtle differences between these two materials in practice [57] . Valid, welljustified, and cost-effective recommendations can then be made to the profession based on the outcome of the clinical trial.
Conclusion
The success of facial prosthetic rehabilitation depends on the surgeon's commitment to following prosthodontic guidelines during the ablative and reconstructive procedures. The surgeon creates the hard and soft tissue foundation upon which the removable facial prosthesis will be attached. Conventional means of retaining both facial and intraoral prostheses are well established. Frequently, conventionally retained facial prostheses are the most practical, trouble free, cost efficient, and successful types of prostheses. Implants may be considered when careful planning with the prosthodontist and surgeon has been established. The team approach is the best way to achieve optimal rehabilitative results. By understanding the requirements of the other specialists, each specialist is best able to contribute to the total facial rehabilitative effort. For facial prosthetics to achieve its full potential in the field of head and neck reconstruction, evidence-based research will be necessary to determine outcomes assessment and economic burden of rehabilitation.
